• As students begin to pay some of the costs of medical education, how do tuition charges to students relate to actual costs of education? • Foreign students are accepted for training in MOH medical schools. What should they be charged for tuition? • In some settings the school belongs to the Ministry of Education (MOE) and the teaching hospital to the Ministry of Health (MOH) . What are the costs of clinical teaching that could result in a transfer payment from the MOE to the MOH?
• Students from provincial schools are often sent to one of the national medical schools in Hanoi or Ho Chi Minh City for part of their education. What should the receiving school charge the sending school? • Medical graduates have an obligation to work for the government because their education has been subsidized by the government. However, some students want to buy out of this obligation. What should the government charge the student for buying-out? The last two questions are particularly important as underinvestment in the education of other members of the health team, particularly nurses, decreases the efficiency and effectiveness of physicians and the overall health care delivery system. Further, nurses or other auxiliaries can substitute for many physician functions at a lower educational 1 and lifetime support cost. Additionally, if one accepts the notion of physician-induced demand (Jaegher and Jegers 2000) , and that physicians may be able to induce greater demand for services than other health workers, substituting nurses and other auxiliaries for physicians may generate lower treatment costs.
Answering any of these questions requires cost analysis. The underlying dynamic, in the context of movement toward a more market-oriented economy, was a shift from 100% funding of medical education, including living costs, by the central government, to not funding living costs and only partially funding tuition. As of 1996, students began to pay fees to cover some of the cost of tuition and, with some exemptions, living allowances were phased out. 2 At the same time, to augment government support, revenue-generating efforts such as parking fees and rental of space to pharmacies by the medical schools began. In order to shift costs wisely and set tuition charges fairly, it becomes important to identify the full costs of medical education. The government needed to know costs. This was at the heart of the study.
In the United States, whenever there has been a shift in the mode of financing medical education, there has been a renewed interest in determining the costs of medical education (Jones and Korn 1997) . The same holds true in Vietnam. In other countries, as overall financial demands on the government increase, the cost of medical education may appear too high. Governments are likely to seek ways to reduce their costs and generate revenue directly from students and enterprises run by medical schools. Thus, it is likely that medical schools in other developing and transitional economies will face similar questions. The policyoriented, cost analysis method we describe provides a basis for setting tuition charges, determining the extent, if any, of government subsidies and provides good answers to the cost component of the nine questions above.
Literature review
The costing methodology literature relevant to medical education is very limited and is almost entirely from the developed world (Smith et al. 1994; Franzini et al. 1997; Jones and Korn 1997; Rein et al. 1997) . Anyone interested in an excellent review of the costs of medical education should read Jones and Korn (1997) . Of the studies they cite, 26 of 30 were carried out in the early 1970s or before and four in the 1990s. Three closely related reports from Australia (Andrew 1976; Andrew and Nehrmann 1977) and the United States (Mulhausen et al. 1989) consider the cost impact of medical student teaching on the overall costs of teaching hospitals. The overarching feature of these methodologies was an emphasis on determining, through analysis of the curriculum, the proportion of faculty hours dedicated to teaching medical students. One study expressly stated, 'all data were based on faculty contact hours (FCHs), the primary driver of cost' (Rein et al. 1997) . Indeed, our study also considers faculty and staff contact hours as the primary cost driver at Thai-Binh Medical School. In spite of the substantial costs associated with the education of physicians in developing countries, our search found only one summary full-cost analysis ever reported -from Chile (Pizzi and Riesco 1979) -and a nonquantitative theoretical study from Bulgaria (Pencheva 1980) .
A common theme in the literature is the difficulty in determining how much of the work in the clinical facility can reasonably be ascribed to the medical education function (Goodwin et al. 1997; Rein et al. 1997 ). The problem is not just that the teaching hospital is a separate institution, with separate overhead structures and staffing patterns, but also that much of the clinical work that is performed at a teaching hospital serves both a patient care function and an educational function. Rein et al. express it eloquently: 'Although it is, indeed, a wonderful aspect of medical education that both can be accomplished at the same time, for purposes of accounting it is necessary to try to assign the fraction of the time attributable to each endeavor separately ' (1997, p. 221) . Clearly, the most reasonable way to make this type of determination is to engage the teaching staff in a conversation about their work. They are the best judges of what work they perform on a day-to-day basis. Also, if the staff are involved in developing the assumptions underlying a cost study, they will be much more likely to accept the results.
Methodology overview and results
Our costing model is a type of full-cost analysis. 3 It can be used to analyze costs within a school, analyze cost variation for the different years of medical education, compare costs between schools, and, when combined with results from a sample of schools, to provide a sound basis for estimating overall national investment in physician education. The methodology was developed at the Thai Binh Medical School, one of the four regional medical schools run by the Ministry of Health (MOH). 4 It was subsequently refined based on further testing at Thai Binh and two other MOH medical schools (Bach-Thai and Hai-Phong). These three schools educate over 50% of Vietnamese physicians. 5 The model identifies the full cost of medical education per graduate incurred over a period of 6 years; the actual cost for each of the 6 years, which varies widely; the average cost per year; and the cost by major curriculum component. The model was created in spreadsheet form using Excel software. The model's logic is summarized below. Our analysis is confined to the costs of medical education incurred at teaching sites and excludes housing, subsistence and the out-of-pocket expenses for books and supplies that may be incurred by students in addition to tuition. In addition to being the first cost analysis of medical education in Vietnam, this is the first reported full-cost analysis of medical education in a lowincome developing country in over 20 years and the only reported cost analysis that explains the method, provides details and, on request, the full model. 3
Our approach is generalizable. After the development and testing of the model at one school (Thai-Binh), it was successfully tested again at Thai Binh and at two other similar schools (the abovementioned Bac-Thai and Hai-Phong) without expatriate technical assistance.
The structure of medical education
As our methodology follows the structure of Vietnamese medical education, we summarize its structure here. Vietnamese students enter medical school directly from secondary school and study for 6 years. Within the 6-year curriculum there are four components: 6
• Preparatory work • Medical science • Clinical theory (classroom-based)
• Clinical practice (in hospitals, clinics and health centres)
The first three components take place largely or exclusively on the medical school campus and have identifiable costs in the medical school budget. The last component, where students gain their first experience with hands-on patient care, takes place in clinical sites and the expenses of teaching are part of the budget of the specific hospital, clinic or health centre.
Methodology in brief

Curriculum analysis
By analyzing the curriculum we determined the allocation of teaching hours, shown as a percentage, to each component within each academic year, as shown in Table 1 . An alternative way of showing similar information is shown in Table 2 : the percentage of each curriculum component completed in each academic year.
Thus, although Year 1 is devoted exclusively to preparatory work, preparatory work is not completed until Year 2. Similarly clinical theory and clinical practice are spread over the last 3 years of medical school. These percentages and the hours behind them are used to allocate costs.
Determining costs 7
This was done in several steps:
(1) We determined where the medical school staff (faculty and non-faculty) spent their time by analyzing current staffing tables and determining actual assignments by discussions with managers. These findings were later used to allocate costs by curriculum component. (2) Although the medical school's primary task is teaching medical students over a period of 6 years, the school also is responsible for upgrading assistant doctors, the academic component of the first post-graduate medical degree and short continuing education courses. We determined that these activities consumed 36% of the school's resources. Sixty-four percent of total costs were attributable to the education of medical students. (3) By analyzing the actual expenditures by budget category from the school's financial records, we determined the actual annual expenditures of the school. These figures needed to be adjusted to include costs external to or not included in the school's financial records. Some were readily identified such as courses and training for faculty paid for by the central MOH. Others, such as pension payments, costs of debt service from national and multinational sources, and the costs of supervision from the central ministries, are extremely difficult to identify and we were not able to quantify these costs. However, their absence should be noted, particularly if comparisons are to be made with the private sector. Capital costs were first estimated at 10% of recurrent costs. This figure was later validated when a 5-year analysis of capital costs was completed. Our final estimate of annual operating costs of the medical school attributable to the education of medical students was US$653 397, as shown in Table 3 . (4) Expenditures for medical student training in clinical sites 8 were determined by budget analysis of clinical sites, an estimate by the Director of Thai-Binh hospital and a workshop of key personnel from medical schools. The annual clinical site costs attributable to medical students were US$259 919 as shown in Table 3 . (5) Next we integrated the results from the steps above, allowing us to derive the inclusive annual recurrent expenditures attributable to each of the four curriculum components. We used number of personnel as the basis of allocation of both personnel and non-personnel costs. For example, if 25% of personnel were attributed to a particular component we assumed that non-personnel expenses would follow similarly and allocated 25% of the schools recurrent expenditure to that component. 9 We allocated various administrative or overhead costs in like manner. This allowed us to identify the total cost of educating all medical students at Thai-Binh by curriculum components as shown in Table 3 . (6) By combining the curriculum analysis with cost data we were able to determine actual annual expenditures by curriculum component and academic year, as shown in Figures 1 and 2. 
Revenue
The vast majority of revenue came from the MOH budget.
Revenue was determined by analysis of accounting records and interviews with accounting and managerial personnel. The cost of generating additional non-MOH revenue was determined. However, the actual non-MOH revenue generated could not be precisely determined as there was concern that quantification could result in a decrease in the MOH budget allocation. At the time of the study, we believe the non-government revenue was very small and did not make a significant difference in resources. However, as schools are being encouraged to generate non-governmental revenue and there is pressure on the government budget, revenue from non-government sources 10 can be expected to increase in the future.
Discussion and policy implications
Caveats
A physician is not a standard item with an agreed upon universal definition. The education of a physician in terms of preparation before medical school and length of time in medical school varies from country to country. The relative proportions of clinical and non-clinical teaching also vary between and within countries. 11 There is no international measure that defines the competencies or performance level of a standard physician. These factors alone make crossnational qualitative comparisons very difficult.
Cost comparisons between different countries are no easier, as accounting standards typically vary from country to country and within countries between the public and private sectors. 12 Further, despite efforts to standardize national accounts (Berman 1997) , this is still a hope, not a reality.
Finally, from our review of the literature it is clear that there are no more than a handful of medical education cost analyses reported from outside the United States and none are recent (Andrew 1976; Andrew and Nehrmann 1977; Pizzi and Riesco 1979; Pencheva 1980) . 13,14 US estimates are not numerous and are summarized by Jones and Korn (1997) . Twenty-six were done before 1975 and none in the 1980s. For those done in the 1990s, Jones and Korn report that four of six estimates adjusted to 1996 US dollars are in the $72 000-93 000 range per student per year or a cost per graduate range of $288 000-372 000 for 4 years of medical school after college. 15 This compares to our finding at Thai-Binh of a total 6 year educational cost per student of $9527, approximately a 35-fold (34.6) difference between the United States and Vietnam.
While keeping the foregoing caveats in mind, comparing the ratio of medical education expenses to per capita GNP between different countries allows the relative magnitude of investments to be compared. Table 4 shows cost per graduate and GNP/capita for the United States and Vietnam, and the ratio of cost per graduate to GNP/capita for each country. In proportion to its economy, Vietnam appears to be making a per student investment that is approximately three times the US investment (32.9/11.8 = 2.8). 16 In brief, in either economy, it is a very expensive proposition to educate a physician and, in relative terms, much more so in Vietnam than in the United States. Such an expensive and heavily subsidized investment merits the attention of policymakers, particularly when resources are severely constrained. We found it remarkable that the costs of medical education, and their implications, have had so little attention in the developing world.
Although there are real difficulties in making valid and useful cross-national comparisons, this in no way vitiates the generalizability of the method, nor its usefulness as a tool for management at the level of a particular medical school and policy analysis at the national level, whether in Vietnam or elsewhere. The primary policy and management value of this tool is within a particular country.
Cost, adequacy of funding and outside employment
It is important to remember that cost does not necessarily equate with adequate funding. For example, cost reflects the current funding of a library and this may not be sufficient to allow for buying subscriptions to key journals or acquiring new texts. The same holds true for laboratories, maintenance and any other element of the medical school where there may be inadequate funding. When considering personnel this problem becomes very acute.
In Vietnam, as the country moves from a centrally planned economy with low salaries and no private practice to a more open economic model, physicians see their living costs escalating without commensurate change in their salaries. Therefore they take on private practice. This has the effect of decreasing the teaching commitment of physicians on the faculty: they spend less time teaching and more time in private practice. Exactly the same forces affect non-physicians and, rather than private practice, they supplement their incomes by taking extra jobs. 17 In effect, if government wants to maintain a full-time or near full-time staff, they must pay a living wage and an amount that is comparable to what faculty and staff are earning or can earn from all sources. Only then can a medical school realistically require personnel to work a full day and have little or no outside income. For this reason, in an earlier iteration of our cost analysis, we displayed the full cost of educating a medical student at Thai Binh, with a 130% increase in personnel expenses. 18 We costed at this figure to show policy-makers that if they wish the medical 
Quality and cost
It can be argued that, within a given country, a minimum quality standard applicable to all graduates is a socially responsible objective. However, this is by no means universal practice. 23 Particularly in resource constrained environments, such as Vietnam, where there are national and regional schools with sponsorship by the Ministry of Health, Ministry of Education and the Military, there is the potential and, arguably, the need to determine the relationship between cost of production and quality of output in different settings. Cost analysis of the type we describe is a necessary step to allow such comparison to take place. However, cost in isolation is difficult to interpret and the drive for lower cost can be destructive if there are no measures of quality to assess the impact of changes in investment on the graduate. Thus, it is a very positive sign that the Ministry is developing a national examination for medical graduates. When such an exam is in place, it should be able to provide a very useful measure for assessing individual graduates and the overall performance of individual medical schools. When cost data are linked to quality data, decision-makers will be in a far better position to assess the need for additional investment, to determine where investment may be in excess, and to identify factors which affect cost and quality both favourably and unfavourably.
Some simple potential indicators suggest the power of considering cost and quality data together. An efficiency score (the pass rate of a school on the national exam when implemented) allows a corrected cost per graduate to be calculated. The corrected cost adds the cost of failed production to the cost of successful production. Thus, a school that had a 50% pass rate, all other things being equal, would have twice the corrected cost of a school with a 100% pass rate. With national exam results, schools could be compared by the mean score for all graduates and corrected cost per graduate. Perhaps higher costs would be associated with better exam results and perhaps not.
Another easy indicator is a quality profile that shows, for each school, the percentage of graduates in a given year who fall in the top 20% of all graduates in the country, the second quintile, etc. Thus a 5/12/50/20/13 score means 5% of graduates from a particular school are in the highest quintile, 12% in the second quintile, 50% in the third, etc. These five numbers would show the profile of the school's graduates taking the national exam and individual school profiles could be compared with each other and to the national profile. Profiles of this type, when related to the results of cost analyses, have the potential to become very illuminating as data are collected over a period of years. Trends will become obvious and cost and quality patterns will be easier to interpret. These data are easy to gather and analyze. It has the potential to provide useful insights into a major societal investment, the education of physicians, and stimulate productive analysis and discussion by medical educators and national policy-makers.
Cost finding could, but need not, be annual. Periodic costfinding every 3-5 years, at a sample of schools, should be fully sufficient for purposes of policy analysis. However, if cost is linked to quality then greater value will be realized if the analysis is extended to all schools and is done annually. Once the first analysis is done, subsequent analyses will consume very little time as figures only need updating.
If privatization of medical education is considered (and the authors are not suggesting this is desirable 24 ), private tuition fees can be illuminated by a comparison with public sector costs. To the extent public hospitals are used to train medical students from private schools, the public to private subsidy can be estimated. Cost and quality comparisons between public and private are also possible, particularly if private schools are organized on a not-for-profit basis. If private schools are organized on a for-profit basis, comparisons become more difficult. It may be very difficult to distinguish between reasonable profit and excess profit taken by the owners at the expense of educational quality.
There is yet another type of cost comparison that has policy relevance within a particular country. How do the production costs compare for physicians, nurses and other allied health personnel? The cost to produce a doctor in Thai-Binh is 14 times more than the cost to produce a nurse in Hanoi at a secondary medical school 25 and the expenditure per curriculum hour for a nurse is approximately $0.34 versus $1.63 for a physician. Costs for other allied health personnel such as X-ray and pharmacy technicians are similar to the costs of nursing education (Bicknell and Tham 1998) . Comparing the production costs of different types of health manpower, particularly if linked to quality, content of services produced and lifetime costs of supporting different categories of workers, can be a step in rationalizing the mix of human resources devoted to health care in a country.
Conclusion
This is the first time in Vietnam that a full-cost analysis of medical education has been done. More broadly, an extensive literature search suggests this is the only full-cost analysis of medical education to be reported from a developing country in at least the last 20 years. The method uses readily available existing data and is relatively easy to apply. The model has already been adapted to two similar schools in Vietnam and its simplicity makes it adaptable to similar schools elsewhere in Vietnam and in other countries.
A cost analysis of this type is useful at the level of a medical school for purposes of assessing resources applied within the curriculum. It is useful at the national level, particularly when linked to quality data, to assist in making judgments about the appropriateness of physician production costs in different settings. When cost sharing with students is being increased and tuition subsidies from government reduced, this method provides data for setting tuition fees. It also allows governments to determine what to charge a student should they wish to buy out of a national service obligation, or what to charge a foreign student. Both are situations where full costs are reasonable to recover. 26 When considered with production cost data for allied health professionals, this type of data can illuminate policy choices that speak to the mix and costs of human resources devoted to health within a country. However, cross-national cost comparisons for medical education are fraught with hazard as definitions of cost and accounting practices vary widely between countries, there is no standard or universally accepted definition for a physician and there is considerable variation between countries in their approaches to medical education.
Given the significance of medical education in terms of direct costs of production, the lifetime earnings of physicians and the costs that physicians generate for the use of health services and supplies, it is remarkable that so little attention is paid to either the cost of producing physicians or the implications of those costs in terms of lifetime costs and benefits to society. This methodology, particularly when linked to data that describe the quality of graduates, provides a powerful tool for human resources policy analysis in the health professions.
Endnotes
1 See findings on costs of nursing education later in this paper. 2 The Ministry of Health recently performed a survey to determine the typical student's living expenses. The study indicated that a student's food, housing, transport and books cost approximately US$500 per year.
3 Anyone interested in a detailed description of the model and a working copy of it should contact either Dr Bicknell or Mr Beggs at wbicknel@bu.edu or beggs@bu.edu, by fax at +1 617-638-4476, by telephone at +1 617-638-5234 5 The Ministry of Health operates four medical schools that educate 70% of physicians in Vietnam. As these schools are of similar size and our model was tested in three of the four MOH schools, we derive our estimate of over 50% by multiplying 70% by 0.75 = 52%.
6 This is similar to the European system and different from the United States and Canadian pattern of medical education where, after secondary school, students typically go to college for four years, obtain a bachelor's degree and then proceed to medical school for a further four years of study. The preparatory work in Vietnam is roughly equivalent to the specific pre-medical science studies in the United States and Canada that are a part of college (pre-medical) education.
7 Cost data is from 1996-97. All costs were determined in Vietnamese Dong and converted to US dollars at the exchange rate of 11 700 Dong/US$1 prevailing at the time of the study in 1997. We have chosen not to express any of the costs in terms of purchasing power parity (PPP) for several reasons: (1) PPP assumes an identical product in the markets in question. The medical graduate in different countries is not an identical product. This statement is based on Dr Bicknell's personal knowledge of medical education in Canada, Egypt, Pakistan, the Philippines, the United States and Vietnam; (2) PPP requires that there be a competitive market for the goods and services in both countries (Vietnam and the United States); and (3) PPP applies only to tradable goods and the medical education product is not, to any meaningful extent, tradable. For more information on points 2 and 3 see http://pacific.commerce.ubc.ca/ xr/PPP.html, the web site of Prof Werner Antweiler, University of British Columbia, Vancouver, Canada, last updated July 30, 1999. Finally, the market basket of goods and services that is the basis for determining PPP is unlikely to be entirely relevant to medical education. To what extent, if any, an exchange rate different than the prevailing rate should be used we leave up to the reader. We feel that using an exchange rate based on PPP would introduce a non-quantifiable distortion that would cloud interpretations and tend to obscure the value of the method. It is also worth emphasizing that this analysis was done for policy-makers in Vietnam and the relevant currency is Vietnamese Dong not US dollars or any other hard currency.
8 An acute general teaching hospital, mental and tuberculosis hospitals, district hospitals and commune health centres. Medical students spent most of their clinical time at the teaching hospital, which had the highest recurrent budget of any clinical site.
9 Some cost analyses use square feet or square metres to allocate non-personnel expenses. We have found that, although more common in the United States, space allocations are rarely known in most developing countries. However, personnel allocations even if not known can be rapidly and accurately determined. The measurement of space is very time consuming and, to be useful longitudinally, would have to be regularly updated. This is very unrealistic. In one venue (Lesotho), one of us (WB with R Puglisi, unpublished data) compared the square footage and personnel methods and found the final cost results to be very similar, with no evidence that one method was superior to the other. We have assumed that costs follow people and allocated all costs (both overhead and direct) in terms of staffing patterns and curriculum hours. At Thai-Binh, the difference between faculty and non-faculty salaries was not significant. As personnel costs are often a very large percentage of total costs, if there were large pay differentials between faculty and staff and the proportion of faculty to staff differed significantly between programme areas, then we would have to consider a correction for this difference. 10 Sources of revenue will likely include student fees including some portion of tuition, fees from entrepreneurial activities such as profits from operating a pharmacy, and parking fees. A forwardlooking school anticipating the growth of private practice should also consider instituting a practice plan that shares private practice revenue between the physician and the school, as discussed later in the text.
11 Personal observations of Dr Bicknell from the observation of medical education in Canada, Egypt, Ethiopia, Holland, India, Indonesia, Jamaica, Nepal, Pakistan, the Philippines, South Africa, Tunisia, the United States and Zambia.
12 Personal experiences of Dr Bicknell in numerous African, Asian and Caribbean countries.
13 Surprisingly, we have not found any cost analyses from Western Europe.
14 The variation in definition of costs and great variability in how revenues and expenditures are classified and recorded is another significant contributor to the difficulty of cost comparison between countries. 15 We use the mid-point of the $288 000-372 000 range in Table 4 . 16 The 2.8 figure does not change if the Vietnamese figures are expressed in terms of Purchasing Power Parity (PPP) as the actual medical education expenditure and the per capita GNP would both be multiplied by the same constant. Because of our concerns with the relevance of PPP (see endnote 7), we did not use PPP here. 17 In a personal communication from Mr Tham, the National Statistics Bureau is reported to have found that only one-third of the personal income of government workers comes from their salaries and the balance from other sources.
18 This 130% on top of existing salaries may well have been conservative. We used this estimate before learning of the study by the National Statistics Bureau mentioned immediately above. That study would suggest that an even greater increase would be required, to approximate the earning potential from outside jobs. 19 Gross practice revenue is all revenue received from practice related activities. As most generalists in developing countries have very low overheads, gross practice revenue is a slightly high but reasonable proxy for net practice income. 20 Unpublished reports of studies supported by the World Bank and the Inter-American Development Bank available on request from Dr William J Bicknell.
21 Geographic full-time means the faculty member's professional work is confined to the medical school and teaching hospital grounds even though their salary may be substantially or even entirely derived from private practice. 22 Unpublished report from the USAID funded Cooperative Agreement to support the development of the Faculty of Medicine at Suez Canal University. 23 Personal observations of Dr Bicknell along with discussions with many medical educators from a number of developed and developing countries during the development of the Faculty of Medicine at Suez Canal University in Egypt in the 1980s. 24 For-profit or proprietary medical schools must be distinguished from not-for-profit schools typically part of a private nonprofit university as in the United States and Canada. The history and risks of proprietary medical education were outlined vividly at the beginning of the twentieth century by Flexner in 'Medical education in the United States and Canada: A Report to the Carnegie Foundation for the Advancement of Teaching', Bulletin no. 4, Boston, Updyke, 1910, and more recently by Kenneth M Ludmerer in Time to Heal: American medical education from the turn of the century to the era of managed care, New York: Oxford University Press, 1999, pp. 371-2. 25 Secondary Medical School is a term used for Schools of Allied Health. There is no training of medical students at these schools. 26 In setting tuition fees as schools increase cost-recovery, it is very appropriate to use a cost figure that reflects realistic salary costs for faculty and staff. This is another argument in favour of adjusting personnel costs upward. This adjustment may also correct for underreporting of revenue generation and its use as a salary supplement. 
